Introduction {#s0001}
============

Aconite is a valuable traditional Chinese herb of the family Ranunculaceae. The root of this plant is usually used for treating rheumatoid arthritis and easing of pain.\[[@cit0001]\] In recent years, it has been widely utilized in clinical therapy, e.g. lappaconitine extracted from *Aconitum sinomontanum* for inhibiting ageing and growth of cancer cells \[[@cit0002]\] or total alkaloids extracted from *Acontium flavum* Hand-Mazz for anti-inflammation and local anaesthesia.\[[@cit0003]\]

Genus *Aconitum* has 10 species and 5 varieties, and grows on fertile pastures in Xinjiang Province of China. The wild populations of this plant are a real treasure trove as a medicinal resource, but its overgrowth has become a grave threat to ranching in recent years, because aconitine is toxic to animals. To reduce the harm to ranches and at the same time enhance the medicinal utilization of aconite is a highly desired goal. In our previous work,\[[@cit0004]\] we analysed the chromatographic herbal fingerprint data and identified a variety of alkaloid monomers extracted from aconite plants growing in different regions of Xinjiang Province. By comparing the Chinese Pharmacopoeia records for *Aconitum carmichaelii* Debx. and *Aconitum kusnezoffii* Reichb. and different *Aconitum* species from Xinjiang, we found some similarities and differences in the chemical composition. Therefore, further investigation on the genetic relationship between aconite in Xinjiang and common aconite (*A.* *carmichaelii* Debx. and *A.* *kusnezoffii* Reichb.) would be important for developing its potential medicinal value.

Molecular marker techniques are powerful and valuable tools used in the analysis of medicinal plants. Among the markers, RAPD (random amplified polymorphic DNA) and ISSR (inter-simple sequence repeat) are generally preferred because of their sensitivity, simplicity and cost-effectiveness. Both RAPD and ISSR markers have been successfully applied to detect genetic similarities or differences in various herbs.\[[@cit0005]\] As these two types of markers amplify different regions of the genome, when applied together, they allow better analysis of genetic identity and variation.

The aim of the present study was to assess the genetic identity between representatives of genus *Aconitum* in Xinjiang and *A.* *carmichaelii* Debx. and *A.* *kusnezoffii* Reichb., by RAPD and ISSR markers. The obtained information about the genetic characteristics will be valuable for screening a variety of Xinjiang representatives of genus *Aconitum*.

Materials and methods {#s0002}
=====================

Sample collection and DNA extraction {#s0002-0001}
------------------------------------

Fifteen aconite plants belonging to four species were chosen: *Aconitum leucostomum* Worosch., *Aconitum soongaricum* Stapf., *A.* *carmichaelii* Debx. and *A.* *kusnezoffii* Reichb. The details of the accessions and their geographic origin are listed in [Table 1](#t0001){ref-type="table"}. The roots of plants were independently harvested, frozen in liquid nitrogen and stored at −80 °C until DNA extraction. DNA was extracted from 100 mg of root material, using a modified Doyle method.\[[@cit0006]\] Finally, the extracted DNA samples were quantified with a spectrophotometer (Nanadrop 2000, Thermo Scientific) and diluted to 50 ng/μL in Tris-EDTA buffer; then they were stored at −80 °C for further analyses. Table 1.*Aconitum* specimens and their geographic origin.No.SpeciesGeographic location1*Aconitum kusnezoffii* Rdichb.Sichuan Province, China2*Aconitum carmichaelii* Debx.Sichuan Province, China3*Aconitum soongaricum* Stapf.Tokkuztara County, Xinjiang Province, China4*Aconitum leucostomum* WoroschQinggil County, Xinjiang Province, China5*Aconitum soongaricum* Stapf.Nilka County, Xinjiang Province, China6*Aconitum soongaricum* Stapf.Nilka County, Xinjiang Province, China7*Aconitum leucostomum* WoroschBurqin County, Xinjiang Province, China8*Aconitum leucostomum* Worosch.Habahe County, Xinjiang Province, China9*Aconitum leucostomum* WoroschBurqin County, Xinjiang Province, China10*Aconitum leucostomum* Worosch.Fuyun County, Xinjiang Province, China11*Aconitum leucostomum* WoroschNilka County, Xinjiang Province, China12*Aconitum carmichaelii* Debx.Sichuan Province, China13*Aconitum carmichaelii* Debx.Sichuan Province, China14*Aconitum kusnezoffii* Rdichb.Sichuan Province, China15*Aconitum leucostomum* WoroschNilka County, Xinjiang Province, China

RAPD analysis {#s0002-0002}
-------------

For polymerase chain reaction (PCR), 20 ng of genomic DNA were amplified in a volume of 50 μL containing 10X PCR buffer (10 mmol/L of Tris-HCl, pH 8.3; 50 mmol/L of KCl~2~), 2.5 mmol/L of MgCl~2~, 0.2 mmol/L of each deoxyribonucleoside triphosphate (dNTP), 0.4 μmol/L primer and 2 U of *Taq* DNA polymerase, by means of a thermal cycler (MJ-Mini, BioRad, USA). The cycling programme began with an initial 7 min at 95 °C, followed by 45 cycles at 95 °C for 45 s, 34 °C for 30 s and 72 °C for 90 s, plus a final 10 min at 72 °C and storage at 4 °C. Amplification products were separated by electrophoresis in 1.5% agarose gels. A total of 120 single primers (ShengGong Biotechnology Inc, CHN) were used in the PCR programme, and as a result, 15 primers that amplified polymorphic bands were selected. The sequences of the 15 primers are shown in [Table 2](#t0002){ref-type="table"}. Table 2.Primers sequences.RAPD primers sequenceISSR primers sequencePrimerRAPD primer sequence (5′--3′)Polymorphic rate (%)PrimerISSR primer sequence (5′\--3′)Polymorphic rate (%)S14TCCGCTCTGG100UBC814(CT)8A100S28GTGACGTAGG100UBC815(CT)8G100S31CAATCGCCGT90.91UBC818(CA)8A100S36AGCCAGCGAA100UBC822(TC)8A100S38AGGTGACCGT100UBC823(TC)8C100S39CAAACGTCGG90.91UBC824(TC)8G100S40GTTGCGATCC88.89UBC835(AG)8YC100S41ACCGCGAAGG100UBC844(CT)8RC100S52CACCGTATCC100UBC845(CT)8RG100S54CTTCCCCAAG100UBC846(CA)8RT100S79GTTGCCAGCC100UBC852(TC)8RA100S81CTACGGAGGA90.00UBC869(GTT)688.89S90AGGGCCGTCT100UBC876(GATA)2(GACA)2100S106ACGCATCGCA93.33UBC879(CTTCA)388.89S112ACGCGCATGT100UBC895AGAGTTGGTAGCTCTTGATC100

ISSR analysis {#s0002-0003}
-------------

ISSR reactions were performed in a volume of 50 μL containing 25 ng of template DNA, 10X PCR buffer (10 mmol/L of Tris HCl, pH 8.3; 50 mmol/L of KCl~2~), 2.5 mmol/L of MgCl~2~, 0.2 mmol/L of each dNTP, 0.4 μmol/L primer and 2 U of *Taq* DNA polymerase, by means of a thermal cycler (MJ-Mini, BioRad, USA). PCR amplification was performed as follows: initial denaturation at 95 °C for 7 min, followed by 45 cycles at 95 °C for 30 s, 48 °C--60 °C for 45 s and 72 °C for 90 s and a final 10 min extension at 72 °C. Amplification products were separated by electrophoresis in 1.5% agarose gels. A total of 100 primers (ShengGong Biotechnology Inc, CHN) were used in the PCR programme, and as a result, 15 primers that amplified polymorphic bands were selected. The sequences of the 15 primers are shown in [Table 2](#t0002){ref-type="table"}.

Data analysis {#s0002-0004}
-------------

For the two types of molecular markers, several independent samples from each *Aconitum* species collected from several locations were tested, and only clear, unambiguous and reproducible bands amplified in both cases were considered. The numbers of polymorphic and monomorphic amplification products were determined for each primer for 15 individuals. To avoid taxonomic weighing, the intensity of bands was not taken into consideration, and only the presence of a band was taken as an indicative. The basic parameters for genetic diversity were calculated with the POPGENE application.\[[@cit0007]\] The polymorphism of amplification products (*P*), the number of observed alleles (*N~a~*), the mean number of effective alleles (*N~e~*), mean Nei\'s gene diversity index (*H*), the Shannon index (*I*) and the level of gene flow (*N~m~*) \[[@cit0008],[@cit0009]\] were determined. Inter-populations diversity (*H~s~*), total gene diversity (*H~t~*) and Nei\'s coefficient of gene differentiation (*G~st~*) \[[@cit0010]\] were calculated using the POPGENE 32 software: *G~st~* = (1 − *H~s~*/*H~t~*); *N~m~,* estimate of gene flow from *G~st~*, *N~m~* = 0.5 × (1° *G* ~st~)/*G* ~st~ *~.~*. The level of similarity among individuals was established as a percentage of polymorphic bands, and a matrix of genetic similarity was compiled using Dice\'s coefficient.\[[@cit0011]\] Dendrograms of the genetic relationship among the 15 individuals of *Aconitum* were generated by applying the unweighted pair-group arithmetic average (UPGMA) method.\[[@cit0012]\]

Results and discussion {#s0003}
======================

*RAPD and ISSR fingerprinting* {#s0003-0001}
------------------------------

Following screening, 15 primers were chosen for the evaluation of genetic diversity in the four *Aconitum* species by RAPD and ISSR. The other primers did not generate any amplification products or stable bands. The results from the amplification obtained using the 15 selected primers, the total number of amplification products and the total number of polymorphic fragments, are summarized in [Table 3](#t0003){ref-type="table"}. For the 15 *Aconitum* specimens analysed, a total of 182 bands and a polymorphism index (*P*) of 97.25% were obtained by RAPD, and a total of 185 bands and a polymorphism index (*P*) of 99.02%, by ISSR ([Table 3](#t0003){ref-type="table"}). The number of bands per primer ranged from 7 to 18, with an average of 12 bands per primer and fragment size ranging from 0.1 to 2 kb in RAPD and ISSR ([Figures 1](#f0001){ref-type="fig"} and [2](#f0002){ref-type="fig"}). Table 3.Degree of polymorphism for RAPD and ISSR primers in 15 *Aconitum* specimens.MarkerNumber of primersTotal bandsMean bands per primerRange of bands (bp)Total polymorphic bandsPolymorphic bands rate (%)RAPD1518212.13100\--200017797.25ISSR1518512.33100\--200018398.92 Figure 1.RAPD electrophoretic analysis of 15 *Aconitum* specimens (**a**: S112 primer; **b**: S41 primer). M: DL2000 DNA marker: 100 bp, 250 bp, 500 bp, 750 bp, 1000 bp, 2000 bp. Figure 2.ISSR electrophoretic analysis of 15 *Aconitum* specimens (**a**: UBC881 primer; **b**: UBC823 primer). M: DL2000 DNA marker: 100 bp, 250 bp, 500 bp, 750 bp, 1000 bp, 2000 bp.

*RAPD and ISSR clustering analysis* {#s0003-0002}
-----------------------------------

To evaluate the effectiveness of RAPD and ISSR markers for the study of genetic relationships in genus *Aconitum*, the genetic similarity coefficient was calculated. Cluster analysis was performed for the results obtained by the 15 RAPD and 15 ISSR primers identified to be polymorphic in the 15 studied aconite specimens. UPGMA dendrograms were constructed using SHAN neighbour-joining tree ([Figures 3](#f0003){ref-type="fig"} and [4](#f0004){ref-type="fig"}). The similarity coefficient of the genetic relationships among the 15 *Aconitum* specimens belonging to three populations was determined to be 0.62 based on the RAPD and ISSR data. Figure 3.Dendrogram plot of 15 *Aconitum* specimens by UPGMA cluster analysis (RAPD). Figure 4.Dendrogram plot of 15 *Aconitum* specimens by UPGMA cluster analysis (ISSR).

The obtained results revealed that *A.* *kusnezoffii* Reichb. and *A.* *soongaricum* Stapf. had close genetic relationship and were clustered together. Then, they were clustered with *A.* *carmichaelii* Debx. Unlike them, *A.* *leucostomum* Worosch. was a unique species, distinct from the other studied *Aconitum* species with a similarity coefficient of 0.54. RAPD and ISSR clustering analysis ([Figures 3](#f0003){ref-type="fig"} and [4](#f0004){ref-type="fig"}) showed that both techniques have good consistency and repeatability.

*Genetic diversity and genetic differentiation* {#s0003-0003}
-----------------------------------------------

Based on genetic identity, the 15 *Aconitum* specimens were divided into three clusters in the clustering analysis: P1: *A.* *kusnezoffii* Reichb. and *A.* *soongaricum* Stapf.; P2: *A.* *carmichaelii* Debx.; P3: *A.* *leucostomum* Worosch. At the population level, the average values of *N~a~*, *N~e~*, *H* and the percentage of polymorphism were 1.9725% and 1.9892%, 1.5130% and 1.4948%, 0.3072% and 0.3021%, 51.10% and 45.41%, using two molecular markers (RAPD and ISSR), respectively ([Table 4](#t0004){ref-type="table"}). The estimates of mean Shannon\'s index (*I*) values for the three populations, based on RAPD and ISSR, were similar: 0.4686 and 0.4654, respectively. These high *I* values at the population level indicate that the populations belong to different species. Table 4.Mean genetic data of three *Aconitum* specimens based on RAPD and ISSR markers.Markerspopulation*N~a~N~e~HIpPOL%*RAPDP11.3956 ± 0.49031.2513 ± 0.36490.1447 ± 0.19580.2151 ± 0.28157239.56P21.5385 ± 0.49991.3401 ± 0.36760.2007 ± 0.19820.2994 ± 0.28749853.85P31.5989 ± 0.49151.3018 ± 0.34280.1845 ± 0.18380.2647 ± 0.264410959.89Mean1.9725 ± 0.16391.5130 ± 0.32430.3072 ± 0.15150.4686 ± 0.19119351.10ISSRP11.5459 ± 0.49921.2996 ± 0.34330.1818 ± 0.18810.2770 ± 0.273110154.59P21.2649 ± 0.44251.1502 ± 0.27810.0926 ± 0.16050.1406 ± 0.23954926.49P31.5514 ± 0.49871.2979 ± 0.35310.1785 ± 0.19110.2718 ± 0.274510255.14Mean1.9892 ± 0.10371.4948 ± 0.30980.3021 ± 0.14220.4654 ± 0.17578445.41[^1]

The average coefficient of genetic differentiation (*G~st~*) was 0.4358 and 0.5005, respectively, for RAPD and ISSR, among the three *Aconitum* populations ([Table 5](#t0005){ref-type="table"}). This high genetic differentiation among the three *Aconitum* populations based on both RAPD and ISSR data, suggested a low level of gene flow. This differentiation was in line with the estimates of gene flow (*N~m~* = 0.6473 and *N~m~* = 0.4991, based on ISSR and RAPD data, respectively). Table 5.Genetic populations structure and estimate of gene flow within the populations of *Aconitum.*Markers*H~s~H~t~G~st~N~m~*ISSR0.1766 ± 0.01230.3130 ± 0.02180.43580.6473RAPD0.1510 ± 0.00870.3022 ± 0.02030.50050.4991[^2]

These results are interesting, as cultivated *Aconitum* *carmichaeli* Debx, and more precisely its lateral roots, is used in one of the traditional Chinese medicine herbs, *Radix Aconiti Lateralis Preparata*. Due to their wide range of clinical applications, aconite plants have become an important medicine resource. *Aconitum kusnezoffii* Reichb., *A.* *soongaricum* Stapf., *A.* *leucostomum* Worosch., *Aconitum karakolicum* Rapaics and *Aconitum leucostomum* var. *nalatiensis* are widespread in several regions in Xinjiang Province.\[[@cit0013]\] Such medicinal materials are treated as a substitute for the use of *A.* *carmichaelii* and *A.* *kusnezoffii*, and are used frequently in traditional medicine in the Northwest Territories. However, their quality and purity must meet the market requirements. Aconite products have complex sources, with high-quality medicinal material sometimes mixed together with inferior varieties. It is difficult to classify and genetically analyse them, using traditional morphological characteristics and pedigree analysis. Both RAPD and ISSR technology are valid and useful tools for classification and genetic analysis and have been successfully used for the identification of *Aconitum* species.\[[@cit0014]\] These methods can detect a higher level of polymorphism than morphological analysis.

Both RAPD and ISSR are effective techniques for assessment of the genetic diversity of *Aconitum* spp. medicinal material. They can effectively reveal the genetic relationship between medicinal plant materials. In this way, inter- and intra-species DNA variability can be analysed at the molecular level, which is particularly important in breeding and cultivation of new varieties.

Conclusions {#s0004}
===========

This study is, to the best of our knowledge, the first report on the genetic characteristics of such a range of aconite germplasm in Xinjiang Province. The obtained RAPD and ISSR data indicated high level of genetic differentiation and low gene flow among the studied species. *Aconitum leucostomum* Worosch. was clustered separately, suggesting that it could be considered as a relatively independent Xinjiang aconite species, because it has farther genetic distance than other species. That is why it may be a promising target for future investigations into its medicinal value. The obtained results are also relevant in view of the suitability of the used sets of RAPD and ISSR primers for development and protection of traditional Chinese medicinal material, and regulation of the Chinese medicinal material market.
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[^1]: Note: *N~a~* -- observed number of alleles; *N~e~* *--* effective number of alleles; *H* -- Nei\'s gene diversity; *I* -- Shannon\'s Information index; *p* -- number of polymorphic loci; *POL* -- percentage of polymorphic loci

[^2]: Note: *H~s~* -- inter-populations diversity; *H~t~* *--* total variability; *G~st~*, Inter-populations differentiation, *G~st~* = (1 − *H~s~*/*H~t~*); *N~m~,* estimate of gene flow from *G~st~*, *N~m~ =* 0.5 × (1 − *G~st~*)/*G~st~*.
